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where
ββββN ~ constant (~ 3 %m·T/MA)
κκκκ = b/a = elongation
A = R0/a = aspect ratio
qj ≈≈≈≈ edge safety factor
Ip = toroidal plasma current
BT ≈ applied toroidal field at R0

Peng & Strickler (1986):

How would ββββN, κκκκ, qj, change as functions of A?
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Elongates naturally to κ ~ 2; ITFC < Ip, IPFC < Ip
Ip/aBT ~ 7 MA/m·T   ����  ββββTmax ~ 20%, if βN ~ 3
Also, Ip qedge /aBT ~ 20 MA/m·T   ����  strong “shaping”
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Strong magnetic well (~30%), near-omnigenous orbits
− Guiding-center orbit compression, reduced neoclassical transport?
− Stability of “Fishbone” modes?

Large Pfirsch-Schlüter current
− Stabilization of neoclassical tearing modes at high β?

vsound ~ vAlfvén, where local ββββ ~ 1
− “Dynamic” equilibrium with strong plasma flow?
− Influence on stability and turbulence?

vfast >> vAlfvén for fast ions or fusion αααα particles
− New classes of Toroidal Alfvén Eigenmodes, and effects?

Larger ρρρρi* (=ρρρρci/a) ~ 0.03 −−−− 0.01
− Thicker pedestal in H-mode plasmas?

Extreme low A (~1.1)
− Connections to FRC and Spheromak?



ICC 2000, 2/22-25/2000ST Phys Innovations

R0 = 0.85 m
Ip ~ 1 MA
Plasma heating

NBI (5 MW)
HHFW (6 MW)
ECW/EBW (<1 MW)

Plasma shape control

κ = 2.0, βT = 23−40%, C = 4.5−8, qedge ~ 10 

(J. Menard               )
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(J. Menard,              )
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• FRC in TS-3 tilt stabilized when safety
factor q90 reaches ~3

• Merged Spheromaks → heated FRC →
High-β diamagnetic ST (βT ~ 70%)

• A ~ 1.1 → much reduced ITF → power
plant economy

T T
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Ihalo

• CDX-U and START measured
modest Ihalo fraction (F < 5%)
during disruption-like events

• Eddy current simulation
indicates strong
symmetrization at low A

� Reduced forces
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(Courtesy of M. Ono and CDX-U Team)
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(G. Rewoldt)

• Opportunity: Flow shearing rates
>> microinstability growth rates

• Challenge: Is reduced turbulence
compatible with stable high β?

0

0.5

1

1.5

1 1.5 2 2.5

γ 
(1

05  
se

c-1
)

A ≡ R/a

Trapped Electron - ηi Mode
Collisionless

Ψ =0.70

ST

0

0.2

0.4

0.6

0.8

1

1 1.5 2 2.5

γ 
(1

05  
se

c-1
)

(n=12)

(11)

A  ≡  R / a

(9)

(7)
(6)

Kinetic Ballooning
Mode

Ψ = 0.70

ST

Aspect Ratio

In
st

ab
ilit

y 
G

ro
w

th
 R

at
e 

(1
05  s

−1
)

Collisionless Trapped
Electron ηi-Mode

Kinetic Ballooning
Mode

Reduced Microinstabilities Increased Stabilization

Sh
ea

rin
g 

R
at

e 
 (s

ec
-1

)

Magnetic
Axis

With rotation
   M = 0.5

From
∇∇∇∇p

ExB Shearing Rate
(NSTX Profile)

(E. Synakowski)



ICC 2000, 2/22-25/2000ST Phys Innovations

Spherical Torus Plasma Current (MA)
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Benefit: Eliminate the solenoid, simplify design
Opportunity: Scale up test in NSTX at ~0.5 MA
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25 kA, 1kV DC Power Supply
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(PICES & RANT codes, F. Jaeger & M. Carter              )

M. Ono (1995): Fast wave decay
(absorption) rate:
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• Rotamak uses transverse rotating magnet
field to induce electron slippage current

• FRC evolves to ST by increasing Irod

• Some improvements in β and τE

rod

FRC      ����      ST

~Electron τE

βaxis
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100888
t = 135 ms
Ip = 481 kA 
li = 0.83

100912
t = 135 ms
Ip = 507 kA 
li = 0.83

100921
t = 135 ms
Ip = 482 kA
li = 0.85

κκκκ = 1.5
δδδδlower = 0.33
δδδδupper = 0.33

κκκκ = 2.11
δδδδlower = 0.36
δδδδupper = 0.37

κκκκ = 1.76
δδδδlower = 0.26
δδδδupper = 0.36

Wall Limited Double-Null Divertor Single-Null Divertor

(S. Sabbagh                     )Columbia
University
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